i `. «эзе чеге s. вове кее ге 335 


Classification р to mamy 8 
effective L Ао» 41. 


 authorit y ot “АЗА C seis” 


NACA RM A52730 
г 


" т 
АН Tz 
Bae 7 Ll o5. Lk. 
E 


d 


» 


b 


v 99 


RESEARCH MEMORANDUM 


WIND-TUNNEL INVESTIGATION AT SUBSONIC AND SUPERSONIC SPEEDS 
OF A MODEL OF A TAILLESS FIGHTER AIRPLANE EMPLOYING 
A LOW-ASPECT-RATIO SWEPT-BACK WING - 
STABILITY AND CONTROL 


By Willard G. Smith 


Ames Aeronautical Laboratory 
Moffett Field, Calif. 


Li АТ Е: 


JUG 11 6c. 
LANGLryY Нео. Coben 
LIBRARY, МА. 
LANGLEY STAT" J 
HAMPTON, VIRC..:1* 


CLASSIFIED DOCUMENT 

contains information affecting the National Defense of the United States within the meaning 

ge laws, Title 18, U.3.C., Seca. 709 and 794, the transmisaion or revelation of which in any 
ed person is prohibited 


NATIONAL ADVISORY COMMITTEE 
| FOR AERONAUTICS 


| WASHINGTON 
T January 12, 1953 


жо зом ШЙ Wn gcn m 


3 1 176 6 01434 8 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


WIND—TUNNEL INVESTIGATION AT SUBSONIC AND SUPERSONIC SPEEDS 
OF A MODEL ОЕ A TATLIESS FIGHTER AIRPLANE EMPLOYING 
А LOW—ASPECT-RATIO SWEPT-—BACK WING — 
STABILITY AND CONTROL 


By Willard G, Smith 
SUMMARY 


This report presents the results of a wind—tunnel investigation of 
the static stability and control characteristics of a model of a fighter 
airplane employing a low—aspect-ratio swept-back Wing with trailing— 
edge elevons, a swept-back vertical tail, but no horizontal tail. The 
investigation was conducted over a Mach number range of 0.60 to 0.90 
and 1.20 to 1.70, at constant Reynolds numbers of 2.0 million for the 

* stability tests апа 3.2 million for the control effectiveness tests. 
All results are presented in tabular form and typical data are pre— 
sented in graphic form as well. 


The results indicate that, for the test conditions at which the 
investigation was conducted, the model, with elevons undeflected, was 
longitudinally and directionally stable, Sufficient control effective— 
ness was provided by the trailing—edge elevons to permit longitudinal 
balance of the model to a lift coefficient of 0.44 at a Mach number of 
0.90, and to lift coefficients of 0.25 ата 0.11 at Mach numbers of 1.20 
and 1.70, respectively. With the rudder deflected 80 and the model at 
an angle of attack of -0.5°, the results indicate that the model will 
have sufficient directional control to maintain sideslip angles of 3.69 
at 0.90 Mach number and 2.39 at 1.40 Mach number. 


INTRODUCTION 


The stability and control effectiveness characteristics of aircraft 
flying at high subsonic and supersonic speeds are of paramount impor— 
tance in the design of present-day fighter aircraft. A wind—tunnel 
ы investigation has recently been conducted in the Ames б— by 6—foot 


supersonic wind tunnel to study the stability and control characteristics 
of a particular high-speed fighter model. 
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The model had а low—aspect—ratio swept-back wing and a swept—back 
vertical tail. Two wing plan forms (the basic wing with rounded tips 
and a modified wing with triangular tips) were tested in the static 
longitudinal stability investigation. The model had no horizontal tail, 
longitudinal control being obtained with trailing-edge elevons. The 
control effectiveness for full—span constant—chord elevons on the basic— 
wing model was investigated through a Mach number range of 0.60 to 1.70. 
A limited study was also made of the effectiveness of elevons extending 
over approximately the outboard half of the wing panels. Rudder effec— 
tiveness was determined for the basic model at 0.90 and 1.40 Mach 
numbers. 


NOTATION 


Force coefficients аге referred to the wind axes. Moment coef- 
ficients are referred to the stability axes, with the origin on the 
fuselage longitudinal axis at the lateral projection of the quarter- 
chord point of the mean &erodynamic chord. Ти those tests where 
yawing-moment coefficients were not measured, rolling-moment coef- 
ficients are referred to the fuselage longitudinal axis. 


b wing span, feet 
с local wing chord measured parallel to wing plane of symmetry, 
feet 

c wing mean aerodynamic chord e > ‚ feet 
а free—stream dynamic pressure, pounds per square foot 

drag 
Cp drag coefficient ss) 
Ст, lift coefficient ыг) 

а 
бе cross—wind—force coefficient Е farce ) 
Ch hinge—moment coefficient (жшше новее” 
a 
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rolling moment ) 
а5ъ 


pitching moment ) 


rolling—moment coefficient E 


pitching-moment coefficient qae 


yawing moment ) 


yawing-moment coefficient ( ЕБ 


rate of change of yawing-moment coefficient with angle of 
sideslip, per degree 


rate of change of rolling-moment coefficient with angle of 
sideslip, per degree 


rate of change of lift coefficient with elevon deflection, 
measured. at zero elevon deflection, per degree 


rate of change of rolling-moment coefficient with elevon 
deflection, measured at zero elevon deflection, per degree 


rate of change of pitching—moment coefficient with elevon 
deflection, measured at zero elevon deflection, per degree 


rate of change of cross—wind—force coefficient with rudder 
deflection, measured at zero rudder deflection, per degree 


rate of change of yswing-moment coefficient with rudder deflec— 
tion, measured at zero rudder deflection, per degree 


Slope of the lift curve measured st zero lift, per degree 


slope of the pitching-moment curve measured at zero lift 


iift-drag ratio 


maximum lift—drag ratio 


free—stream Mach number 


Pirst moment of area of control surface aft of hinge line, 
feet cubed 
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Reynolds number based on wing mean aerodynamic chord 

total projected wing area, including area formed by extending 
leading and trailing edges to model plane of symmetry, А 
square feet i | 

spanwise distance from plane of symmetry, feet 

angle of attack of fuselage longitudinal axis, degrees 

angie of sideslip of fuselage longitudinal axis, degrees 

angle of deflection of control surface (angle between wing 
chord or vertical—tail chord and control chord), measured 


in a plane perpendicular to the control—surface hinge line, 
degrees | 


Subscripts 


combined inboard and outboard elevons 

inboard elevon А 
outboard elevon 

rudder 


total differential elevon deflection, degrees 


APPARATUS 
Wind Tunnel and Equipment 


This investigation was conducted in the Ames @ by 6—foot super— 


sonic wind tunnel. This wind tunnel is a closed—throat, variable— 
pressure wind tunnel in which the stagnation pressure and the Mach num— 
ber cam be continuously varied. The stagnation pressure can be varied 
from 2 to 17 pounds per square inch absolute and the Mach number can be 
varied from 0.60 to 0.90 and from 1.15 to 2.00. Further information 
regarding this wind tunnel is presented in reference 1. 


The model was mounted on a sting having & diameter which was 


64 percent of the diameter of the base of the model. The sting support x 
system allowed the model angle of attack to be varied continuously 
from. —12.5° to 22.59, 
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The aerodynamic forces amd moments were measured by а four— 
component electrical strain-gage balance ’menmnted in the body of the 
model. The balance is similar to that used in reference 2. The 
forces and moments were registered by recording—type galvanometers 
calibrated by applying known loads to the balance, 
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A model о? a high-speed fighter airplane (fig. 1) having а low— 
aspect—ratio, swept-back wing, swept-back vertical tail, and no hori— 
zontal tail was used in this investigation. Provisions were made for 
altering the plan form of the basic wing of the model by the addition 
of triangular wing tips. These extended tips had a constant section 
thickness of 4.5 percent, A three—view drawing of the basic—wing model 
end the model with the modified wing is shown in figure 2. 


The basic wing had a modified trapezoidal plan form with a 52,59 
leading-edge sweep angle and a taper ratio of 0.332. The modification 
consisted of rounding the wing tips to fair into the leading and trail— 
ing edges (see Pig. 3). The wing was composed of symmetrical sections 
having a thickness of T.O percent of the chord (streamwise) at the wing 
root and tapering to 4.5 percent of the chord (streamwise) at the theo— 
retical tip. (See table I for wing-section coordinates.) These sec— 
tions were modified somewhat to fair into the trailing-—edge elevons 
which were flat sided. 


The movable control surfaces on the model consisted of constant— 
chord trailing—edge elevons, each divided into two spanwise segments, 
and a constant—percent—chord rudder (figs. 3 and #). The control sur— 
faces on one wing panel and the rudder were restrained by beams fitted 
with electrical strain gages for measuring the control hinge moments. 


The model was fitted with inlets housed in wing-body fairings with 
internal ducts allowing the air to flow through and exhaust at the rear 
of the fuselage. In this investigation, the mass flow of air through 
the ducts was not adjustable; however, the ducts were constructed so 
that at supersonic speed the exit was choked, limiting the inlet Mach 
number to 0.4. 


In order to accommodate the annular duct exit and the mounting 
sting, the boattailing on the model was somewhat less than would be 
expected on a full-scale airplane. 


A conventional canopy was used on the model with a dorsal fin 
extending from the canopy to the leading edge of the vertical tail. 
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Provisions were made for testing the model without the vertical tail 
but with the dorsal fin faired into the body. Table II presents the 
coordinates for the vertical—tail sections. 


TESTS AND PROCEDURE 


The aerodynamic characteristics of both the basic—wing and modified— 
wing models were determined with control surfaces undeflected. Lift, 
drag, pitching-moment, and rolling-moment data were obtained through an 
angle—of—attack range of approximately —3° to +120 at Mach numbers of 
0.60, 0.80, 0.90, 1.20, 1.35, and 1.70. Tests of both models were con— 
ducted at a constant Reynolds number of 2.0 million based on the mean 
aerodynamic chord of the basic wing (1.8 million based on the mean aero— 
dynamic chord of the modified wing).^ In the longitudinal stability 
phase of the investigation, the model was mounted with the wings verti— 
cal in the wind tunnel to utilize the most favorable stresm conditions 
(reference 1). 


The longitudinal control effectiveness of the elevons was investi— 
gated for the basic—wing configuration only. Tests of the model were 
conducted with the elevons on the right wing panel deflected.  Incre— 
ments of lift, drag, ала pitching moment due to control deflection on 
the one wing panel were doubled and added to the corresponding values 
for the model with undeflected controls, In this manner pitching— 
` moment and rolling-cmoment data were obtained simultaneously, thus reduc— 
ing the number of tests required. The validity of this procedure was 
checked by testing the model through the speed. range of the investiga— 
tion with the elevons on both wing panels deflected. Results of these 
two methods were in excellent agreement. With the combined inboard and 
outboard elevons deflected through a range of 3° to 200, lift, drag, 
pitching-moment, rolling-moment, and hinge-moment data were obtained for 
an angle—of—attack range of approximately —39 to 129 at Mach numbers 
of 0.60, 0.80, 0.90, 1.20, 1.35, and 1.70 and a constent Reynolds num— 
ber of 3.2 million. Similar data were obtained at Mach numbers of 0.90 
and 1.20 with the outboard control surface alone deflected through a 
range of 0° to 15°, 


‘The results of preliminary tests of the basic-wing model at Reynolds 
numbers of 1.0 to 4.0 million at supersonic speeds and 2.0 and 3.2 
million at subsonic speeds indicate that, within this range, Reynolds 
number variation had no significant effect on the aerodynamic charac— 
teristics of the model with controls undeflected. The effects of 
Reynolds number variation on elevon апа rudder effectiveness, however, 
were not investigated. 
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The lateral stability characteristics and rudder effectiveness of 
the basic-wing model were investigated with the elevons undeflected. 
The model was mounted with the wings horizontal in the tunnel, and the 
angle of sideslip was varied at preset angles of attack. With the rud— 
der deflected through a range of O9 to 89, cross-wind—force, yawing— 
moment, rolling—moment,and rudder hinge-moment data were obtained through 
an angle—of-siüeslip range of 5° to —59 at —0.59, 5.19, and 10.5° angles 
of attack. Corresponding data were obtained under similar test condi-— 
tions for the model with the vertical tail removed. The lateral stabil— 
ity and rudder effectiveness phase of the investigation was conducted 
at Mach numbers of 0.90 and 1.40 and at a constant Reynolds number of 
3.2 million. 


A tabulation of the test conditions is presented in table III. 
Reduction of Data 


The test data have been reduced to the standard NACA coefficient 
form based on the total projected wing area of the appropriate model 
configuration, including the area in the region formed by extending the 
leading and trailing edges to the plane of symmetry. Factors which 
could affect the accuracy of these results and the corrections applied 
are discussed in the following paragraphs. 


Angles of attack and sideslip.— The determination of the actual 
angles of attack or sideslip of the model under load required that 
several corrections (determined from static calibrations) be applied to 
the nominal angle. Corrections of from 5 to 10 percent of the nominal 
angle were applied. for the angular deflection of the sting and balance 
under serodynamic load and for the angular movement due to structural 
clearances in the model support and balance. 


Control-surf ec — A correction was applied to the 
nominal control-surface deflection angle for the deflection under load 
as determined fram the static calibrations. The maximum correction 
amounted to about 3 percent of the nominal deflection angle. The 
results presented herein are for the corrected control deflection angles 
except in the figure showing variation of lateral stability characteris— 
tics with sideslip angle at various nominal rudder deflection angles. 


Tunnel—wall interference.— Corrections to the data for the effects 
of the tunnel walls at subsonic speeds were made by the method of refer— 
ence 3. The reflected bow wave did not intersect the model and so no 
corrections were made at supersonic Mach numbers. These corrections, 
which were added to the data, were as follows: 
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At subsonic speeds the effects of constriction of the flow due to 
the presence of the model were taken into account by the method of 
reference 4, This correction was calculated for conditions at zero 
angle of attack and was applied through the angle—of—attack range. At 
a Mach number of 0.90, this correction amounted to a l—percent increase 
in Mach number and dynamic pressure over that determined from а calibra- 
tion of the wind tunnel without a model in place. 


Support interference.— The effects of support interference were 
believed to consist primarily of & change of pressure at the base of 
the model. А base—pressure correction was applied to adjust the pres— 
sure at the base of the model to free-stream static pressure. The base 
area used in this correction was the entire base area less the duct 
exit area. Drag values are, therefore, forebody drag coefficients. It 
was assumed, on the basis of information contained in reference 5, that 
the effect of sting-body interference on the forebody drag was negligible. 


Stream variations.— Tests of the model were made at subsonic and 
supersonic speeds, in upright and inverted attitudes. Results of these 
tests showed no measurable effects of stream angle or stream curvature 
in the horizontal plane of the wind tunnel. Stream surveys conducted 
in the Ames 6— by 6—foot supersonic wind tunnel (reference 1) show some 
. curvature in the vertical plane of the wind tunnel, but the results of 
a previous investigation (reference 6) indicate that this curvature had 
little effect on the longitudinal stability characteristics of the model 
when pitched in the horizontal plane. For the lateral stability tests, 
the model was mounted with its wings horizontal so that it yawed in the 
plane of least stream curvature. No attempt was made to determine the 
effects of the stream—-angle variation in the vertical plane of the wind 
tunnel on the lateral directional data. The data obtained showed a small 
effect of stream angle on the rolling moment due to sideslip and no 
effect on the yawing moment due to sideslip. 


Internal duct drag.— The model was equipped with twin ducts through 
which air could flow. However, provisions were not made to vary the 
mass flow, so a study of the duct drag characteristics was not feasible 
in this investigation. The drag data presented herein аге for the com- 
plete model; that is, the drag due to flow through the ducts has not 
been subtracted from the final coefficients. 
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Precision of Data 


Ihe accuracy of the test results, excluding stream effects, is 
shown by the repeatability of. the data in those cases where test condi— 
tions were duplicated in several tests. Ап interim of three months 
elapsed between tests during which the model ага balance were disas— 
sembled. The effects of changes in clearance or alinement in the model 
and balance determine to a large extent the precision of these data. 
Examination of the results showed the data to be repeatable within the 
accuracy shown in the following table: 


Accuracy 
Quantity Ст, = О Ст, = 0.4 
Cp *0.001 +0, 002 
От, =. 003 +.005 
Cm +, 001 +. 001 
C1 +.0007 t.001T 
Cn t.001 *.001 
Сс +. 003 +.005 
Ch +.008 +.013 
М +.03 +. 03 
R +.03 x 108 +.03 x 106 
a t.10 +.15 
5 +.25 +. 352 


RESULTS AND DISCUSSION 


All the results of the investigation are contained in table ТУ. 
Brief discussions are presented of the longitudinal stability charac— 
teristics, the longitudinal control effectiveness, and the lateral 
stability characteristics and rudder effectiveness in the following 
paragraphs. Typical data, pertinent to the discussion, are presented 
in the figures. 


Longitudinal stability characteristics.— Lift coefficient as a 
function of angle of attack, and the variation of drag and pitching— 


moment coefficients with Lift coefficient are presented in figure 5 
for the basic—wing and modified—wing configurations with elevons unde— 
flected at Mach numbers of 0.90, 1.20, and 1.70. Both configurations 
were longitudinally stable up to a lift coefficient of 0.5 throughout 
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the Mach number range of tbe investigation. The variation of pitching— 
moment coefficient with lift coefficient for the basic—wing model 

(fig. 5), although linear st 1.10 Mach number, exhibited a slight non— 
linearity at 1.20 Mach number, and was markedly nonlinear at а Mach num 
ber of 0.90. The stability of the basic-xing model (dCg/àCrp) increased 
from О.О at zero lift coefficient to 0.16 at а lift coefficient of 0.30 
at a Mach number of 0.90. With the addition of triangular wing tips 
(modified wing), the stability remained nearly constent with increasing 
lift coefficient up to а lift coefficient of 0.30 at а Mach number of 
0.90. Thus this increase in stability with increasing lift coefficient 
for the basic-wing model appears to be a plan form effect. This obser— 
vation is substantiated by comparison of the results of an investiga— 
tion of the pitching-moment characteristics of a plane triangular wing 
of aspect ratio 4 (reference 7) with the results of а later investiga— 
tion (as yet unpublished) of the same wing with the tips cut off. 


A summary of the aerodynamic characteristics of the two configure- 
tions, as а function of Mach number, is shown in figure 6. The differ— 
ence in static margin at zero lift shown by the two plan forms of this 
investigation (fig. 6) decreased with increasing supersonic Mach numbers. 
It is evident from examination of figures 5 and 6 that the basic—wing 
model exhibited a greater change of stability with increasing lift 
coefficient at subsonic speeds and a greater change of stability (at 
zero lift) with Mach number than did the modified-wing model. 


Longitudinal control effectiveness.— The Longitudinal control 
effectiveness investigation was conducted for the basic—wing configura— 


tion with the control surfaces shown in figure 3. As noted previously, 
the control surfaces on only one wing panel were deflected and the 
increments of lift, drag, and pitching moment due to the control deflec— 
tion were doubled. 


The relationships of lift coefficients to angle of attack, control— 
surface deflection, and drag coefficient for the airplane balanced with 
the combined control surfaces and with the outboard elevons alone are 
shown in figure 7. These data indicate that, for the elevon deflection 
range of this investigation, the combined elevons would be capable of 
balancing the airplane (center of gravity at 0.25 ©) to а lift coeffi— 
cient of 0.44 at a Mach number of 0.90, and to lift coefficients of 0.25 
and 0.11 at Mach numbers of 1.20 and 1.70, respectively. 


A limited study of the control characteristics with only the out— 
board elevons deflected shows that these elevons will balance the model 
to lift coefficients of 0.31 and O.14 at Mach numbers of 0.90 and 1.20, 
respectively, but at the cost of considerably greater control deflec— 
tions and consequently higher drag than with the combined control 


surfaces, 
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Examination of figure T reveals a decrease in the rate of change 
of balance lift coefficient with control deflection at 0.90 Mach number 
for both the combined elevons and the outboard elevons beginning at а 
lift coefficient of about 0.10. This apparent decrease in effective— 
ness coincides with the increase in stability with increasing lift coef— 
ficient discussed previously, and so appears to be the result of the 
inherent stability characteristics of the wing. Similar gradual 
decreases in control effectiveness at 1.20 and 1.70 Mach numbers are 
also presumed to be due to the increases in stability with lift coeffi— 
cient. The variations with Mach number of elevon lift, pitching-moment, 
and rolling-moment effectiveness for the combined. elevons deflected are 
presented in figure 8. It should be noted that the values of rolling- 
moment effectiveness shown are those for the elevon deflected on one 
wing only, while the lift and pitching—moment effectiveness values are 
for deflection of the elevon on both wings. 


The stick—free stability of the airplane at 0.90 and 1.20 Mach 
numbers is illustrated in figure 9 for the combined elevons free and for 
only the outboard elevons free. The stick—fixed stability curves, for 
the model with elevons fixed at zero deflection, are also shown for com— 
parison. It is of interest to note that for a Mach number of 0.90, the 
model exhibited a greater stability stick free than stick fixed, below 
а lift coefficient of 0.10. An explanation for this greater stability 
at low lift coefficients with the elevons free can be found in the tabu— 
lated hinge-moment data (table IV) which show that the elevons float 
downward with increasing angle of attack for angles of attack up to 80, 
The stick—free neutral points for the model with the combined elevons 
free are located at 32 and 41 percent of the mean aerodynamic chord at 
Mach numbers of 0.90 and 1.20, respectively. With the inboard elevons 
fixed and outboard elevons free, the neutral points are at 33 and 42 per— 
cent of the mean aerodynamic chord at Mach numbers of 0.90 and 1.20, 
respectively. | 


Lateral stability characteristics and rudder effectiveness.— The 


variations of rolling-moment, yswing-moment, and cross—wind—force coef— 
ficients with sideslip angle for the basic—wing model with zero elevon 
deflection at 0.90 and 1.40 Mach number are shown in figure 10 for 
angles of attack of —0.59 and 5.19. Also shown in figure 10 are data 
for an angle of attack of 10.59, sbtained at Mach numbers of 0.80 

and 1.40. Since the data in figure 10 revealed nonlinearities in the 
variations of yawing—moment and rolling-moment coefficients with side— 
slip angle, the variations of lateral stability characteristics with 
angle of attack (fig. 11) are presented for both zero sideslip апа а 
sideslip angle of 29, Examination of figures 10 and 11 indicates that 
the model was directionally stable through the angle—of—attack and 
angie—of-sideslip ranges of the investigation and exhibited a positive 
dihedral effect at the positive angles of attack. 
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The effectiveness of the rudder in directionally controlling the 
model was investigated for the same range of test conditions as were 
the lateral stability characteristics of the model with controls unde— 
flected.  Cross-wind—force, yawing-moment, rolling-moment, and rudder— 
hinge-moment data were obtained at rudder deflections of 00 to 8° and 
with the vertical tail removed. Results of these tests, with the excep— 
tion of rudder—hinge-moment data, are shown in figure 10 only for the 
model with O° and 8° of rudder deflection since the variations of lat— 
eral stability characteristics with rudder deflection angle were found 
to be linear for the range of rudder deflections tested. The model was 
capable of maintaining sideslip angles of 3.6° and 2.39 at 0.90 and 1,40 
Mach numbers, respectively, with the rudder deflected 8° at an angle of 
attack of —0.59. The variation of rudder effectiveness with angle of 
attack is shown in figure 12. 


The variation of elevon—rolling-—moment effectiveness with sideslip 
angle was not investigated. However, a comparison of the maximum 
recorded rolling moment due to combined angles of attack and sideslip 
with the elevon-rolling-moment effectiveness obtained at zero sideslip 
provides some indication of the ability of the elevons to balance the 
model in roll at angles of sideslip. It will be noted, from the data 
presented in figure 10, that the maximum rolling moments obtained for 
the model with control surfaces undeflected occurred at an angle of 
sideslip of 5° and a nominal angle of attack of 5° for both 0.90 and 1.40 
Mach numbers. Ву comparison of these values of rolling-moment coeffi— 
cient with the data presented in table IV, for the elevon-rolling-moment 
effectiveness at zero sideslip angle, 1t is apparent that these rolling- 
moment coefficients are of approximately the same magnitude ав those 
produced by & 99 total differential deflection of the combined elevons 
at 59 angle of attack at a Mach number of 0.90, and & 1h? total differ— 
ential elevon deflection at 5° angle of attack at а Mach number of 1.40. 


CONCLUSIONS 


A brief analysis of the results of this investigation indicated 
that the following observations are worthy of note: 


1. Both the bssic-wing (rounded wing tips) and the modified—wing 
(triangular wing tips) models with elevons undeflected were longitudi— 
nally stable, through the Mach number range for which data were obtained, 
to lift coefficients beyond those to which the elevons were capable of 
balancing the basic—wing model at the msximum elevon deflections 
considered. 
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2. The modified—ing model (triangular wing tips) exhibited а 
smaller change of stability with increasing lift coefficient and with 
increasing Mach number than did the basic-wing model. 


3. At the maximum eievon deflection angles for which data were 
obtained, the combined elevons provided sufficient longitudinal control 
to balance the airplane to a lift coefficient of 0.44 at а Mach mmber 
of 0.90, and to lift coefficients of 0.25 and 0.11 at Mach numbers of 
1.20 and 1.70, respectively. With only the outboard elevons deflected, 
the longitudinal control was somewhat less, but would te sufficient to 
belance the model to lift coefficients of 0.31 and 0.14 at Mach numbers 
of 0.90 and 1.20, respectively. 


l}, The basic-wing model was laterally and directionally stable 
through a nominal angle—of—attack range of O9 to 10° at Mach numbers 
of 0.90 and 1.40. 


5. The model was capable of maintaining sideslip angles of 3.6° 
and 2.39 at Mach numbers of 0.90 and 1.40, respectively, with the rudder 
deflected 8° and at a —0.59 angle of attack. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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TABLE II.- VERTICAL TAIL SECTION COORDINATES 


[Coordinates given in percent of local chord, measured 
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Figure 1.— The model mounted in the Ames 6— by 6-foot wind tunnel. 
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All dimensions shown in inches 
unless otherwise noted 


Figure 2.- Three-view drawing of the model. 
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Figure 3.— Details of control surfaces on the right wing 
panel of the model. 


For vartical tail section 
coordinales see Table IT 
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Figure 4.— Defails of the vertical fail of the model. 
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(a) M = 0.90 


Figure 5.-Variation of the aerodynamic characteristics with lift coefficient for the basle-wing 
and modified-wing models, Reynolds number, 20 million ( nominal) 
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Figure 5— Continued. 
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Figure 5.— Concluded. 
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Figure 6,— Summary of aerodynamic characteristics of the basic-wing 


and modified-wing models as functions of Mach number. 
Reynolds number, 2.0 million. (nominal). 
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Figure 6.— Continued. 
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Control deflection, 3, deg 


(a) М = 090 


balance lift coefficient to angle of attack, elevon deflection angle, and drag 
the basic-wing model. Reynolds number, 3.2 million 
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Figure T.— Concluded. 
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Figure 8.— Summary of elevon effectiveness characteristics at 
number, 3.2 milion. 


е ss... 960 ётсе 0600 
°. ees ees e€ а в e е 


** * ааа eee 9 s... oroa Set 15 


NACA RM A52J30 = 


Combined elevons fixed 
—— — Combined elevons free 
— — — — Qufboord elevons free 


Lift coefficient, C, 


04 О —O4 for M- O9 
Pitching-moment coefficient, Ст 


Figure 9.— The variation of pitching -moment coefficient with 
lift coefficient for the model with controls free and 


controls fixed at zero deflection. Reynolds number, 
3.2 million. 
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Figure 10.-Varfation of the lateral stability characteristics with sideslio angle for basic-wing model with ihe rudder 
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deflected опа undeflecied, and ийй the vertical fail removed. Efevons undeffected, Reynolds number, 32 million. 
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Figure /A.—The variation of the lateral stability characteristics 
with angle of attack for the basic- wing model with 
rudder and elevons undetiected Reynolds number, 
32 million. 
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Figure 'lL— Concluded. 
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Figure 12.-Variation of the rudder effectiveness characteristics 
with angle of attack for the basic-wing model with elevons 
undeflected, Reynolds number, 3.2 million. 
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